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Shizu Kuzuha* : A new mode of zygospore formation 
in Syncephalis (Mucoraies) 
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(PI. VI—VII) 

Sexual reproduction in species of Syncephalis has received but scant atten¬ 
tion, probably because their zygospores are mostly small, hyaline, and incon¬ 
spicuous. It is in only several, out of about forty known species, that zygo¬ 
spores were reported (van Tieghem, 1875; Bainier, 1882, 1883; Thaxter, 1897; 
Morini, 1902; Christenberry, 1940; Hunter & Butler, 1975). As to the mode 
of zygospore formation, two distinctly different types (Cornu-type and Nodosa- 
type) have been discriminated on the basis of the structure of zygophoric 
hyphae, and the locus of zygospore origin (Bainier, 1882, 1883; Thaxter, 1897; 
Benjamin, 1959). 

In the course of my study on Japanese Syncephalis, zygospores of S. tenuis 
Thaxter and 5. sphaerica van Tieghem were detected for the first time. Since 
the mode of zygospore formation in both species is quite dissimilar to either 
known type and truely new to the genus, it is here described as the third 
type (Tenuis-type). 

Zygospore formation in S. tenuis (Fig. 1-2, PI. VI) Zygospores of S. tenuis 
were obtained in gross culture of three soil samples from swamps. Sexual 
reproduction begins with the encounterance of two hyphae possibly of opposite 
sexual potency. The one, prospective female hypha, gradually increases its 
thickness from 0.8-2.5 pm to 9-14 pm in diameter, and usually branches a few 
to several times to construct a dendroid structure composed of robust tubular 
branchlets. On the contrary, the other, prospective male hypha which is a 
little finer than the female even in earlier stages, broadens only slightly (up 
to 1.5-4 pm) and still retains a rather delicate filamentous form. The male 
hypha, keeping pace with its mate, continues elongation and branching. There- 
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Fig. 1. Syncephalis tenuis. A-D. Developing zygophoric hyphae. E. Delimitation of female 
gametangia. F-H. Enlarging zygospore initial and tubular outgrowths on the female zygo¬ 
phoric hypha. 


fore, the tip of each female branchlet is always accompanied by the male 
counterpart (Fig. 1 A-D, PI. VI A). Often some peg-like outgrowths are formed 
from the male hypha, firmly attaching the latter onto the female (Fig. 1 D). 

Upon full development, the slightly curved terminal portion of the female 
branchlet is delimited by a septum as a female gametangium (Fig. 1 E, PI. VI 
B). As the male branchlet is considerably fine and filled with the contents, 
the time of partitioning of the male gametangium was not confidently deter¬ 
mined, but probably is soon after the female. Following apical fusion of the 
paired gametangia, protoplasmic contents of the male gametangium flow into 
the female one, and the distal portion of the latter begins to swell (Fig. 1. 
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F-H, Fig. 2 I-K, PI. VI C-E). The protoplasm is then retracted into this globose 
portion, which is cut off by a retaining septum as a zygospore (Fig. 2 L, PI. 
VI F). Concomitant with the development of zygospore initial, a verticile of a 
few to several protuberances appears on the female hypha just below the de¬ 
limiting septum of each gametangium (Fig. 1 F-G). The protuberances mostly 



Fig. 2. Syncephalis tennis. I-K. Enlarging zygospore initial(s) and tubular outgrowths on the 
female zygophoric hypha (K showing somewhat extraordinarily well-developed outgrowths 
around the zygospore initial. In J and K, the male zygophoric hyphae are partially or wholly 
omitted.) L. Delimitation of zygospore. M-O. Nearly mature zygospores (M. Optical section. 
N-O. Surface view.) 
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branch once or twice during extension and form as a whole a well-developed, 
dendroid, tubular system encircling the zygospore (Fig. 1 H, Fig. 2 1-L. PI, VI 
C-E). 

Mature zygospores are globose, hyaline, 20-30 f* m ln diameter, borne endo¬ 
genously within the distal swellings of female gametangia and are mostly pro¬ 
duced in small groups of up to more than ten on a branched female zygophoric 
hypha. Exospore (zygosporangium) is derived from the distal portion of the 
gametangial wall, and at maturity becomes rough with many irregular-shaped 
thickenings (Fig. 2 M-O, PI. YI G-I). Endospore wall is smooth. Whether this 
species is homothallic or heterothallic remains uncertain. 

Zygospore formation in S. sphaerica (Fig. 3, PI. VII) Zygospores of 5. 
sphaerica were observed on an American strain which was very kindly offered 
by Dr. Karen K. Baker as one of her isolates used in the host range study. 
Her isolate was cultured on a glucose-yeast extract agar 13 together with the 
following four Mucoralean fungi: Choanephora cucurbitarum (Berkeley & 
Ravenel) Thaxter, Cokeromyces recurvatus Poitras, Mycotypha microspora 
Fenner and Zygorhynchus moelleri Vuillemin. After about 10 days of incuba¬ 
tion at 18°C, zygospore production occurred rather sparingly. Of several media 
tested, only this medium was effective. 

Zygospore formation of this species proceeds in a manner basically similar 
to 5. tenuis. Only several minor dissimilarities are recognized between the 
two. 1) The female zygophoric hyphae of S. sphaerica are simple with a 
single apical zygospore, or often branch once or twice near the base to bear a 
few zygospores in a smaller cluster. 2) The difference in thickness between 
the male and the female zygophoric hyphae is in 5. sphaerica not so distinct 
as in S. tenuis. 3) Outgrowths from the female zygophoric hypha arise not 
necessarily just below the delimiting septum of the gametangium, but often 
also from lower portion. They are at first knod-like projections, then become 
a rather long, bilobed or trilobed, sac-shaped structure, but yet they are shorter 
and more rounded than those of 5. tenuis. 4) Mature zygospore are (14-) 17- 
33 gm in diameter; exospore is rough with relatively large, irregular-shaped, 
plateaux-like thickenings; endospore wall is smooth and of nearly the same 


1) 5GY (2) medium f-glucose 5 g, yeast extract 5g, K 2 HP0 4 4 g, MgS0 4 *7H 2 0 
0.5g, agar 20g, water 1 litter. 
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Fig. 3. Syncephalis sphaerica. A-B. Developing zygophoric hyphae. C-G. Enlarging zygospore 
initial and outgrowths on the female zygophoric hvpha. H-I. Mature zygospores (H showing 
surface view. I. Optical section.) 


thickness as the exospore, about 2 p.m. or more. Since these dissimilarities are 
based on a limited amount of materials, some of them may be a mere reflection 
of the strain difference rather than the specific one. 

In order to determine the sexuality of S. sphaerica, some single-spore isola¬ 
tions were made and processed in the same way. But this attempt was unsuc¬ 
cessful, as zygospores could no longer be produced either in single-spore cul¬ 
tures or in their interisolate crossings. 
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Discussion Sexual reproduction in Syncephalis was first detected by van 
Tieghem (1875) in S. cornu van Tieghem & Le Monnier. The zygospore of 
this species is formed from the point between fused apices of two gametangia 
which are delimited on apposed progametangia. This type of zygospore forma¬ 
tion is tentatively called 'Cornu-type’ in the present paper. Some subsequent 
investigators reported zygospore formation of the Cornu-type in three species : 
S. reflexa van Tieghem (Thaxter, 1897), S. depressa van Tieghem & Le 
Monnier (Christenberry, 1940), and 5. californica Hunter & Butler (Hunter & 
Butler, 1975). Zygospore formation of 5. glabra Morini might be also consid¬ 
ered to be of the Cornu-type. However, it is excluded from the discussion 
here, as Morini’s description is so brief and obscure. 

The second type of zygospore formation is, up to the present, only known 
in a single species, 5. nodosa van Tieghem (Bainier, 1882, 1883; Thaxter, 1897). 
In the Nodosa-type, the zygospore arises externally on a short stalk from one, 
somewhat larger, gametangium at a considerable distance from the point of 
fusion of paired gametangia which are delimited apically on two relatively 
undifferentiated, spirally twisting zygophoric hyphae (Benjamin, 1959). 

The third type, the Tenuis-type, newly described above in 5. tenuis and 
5. sphaerica , is characterized by the heterogamous conjugation between a larger 
gametangium delimited on stout, well-differentiated zygophoric hypha and a 
smaller gametangium on relatively undifferentiated one, and by the endogenous 
formation of zygospore within the larger gametangium. 

Among these three types of zygospore formation, the zygospore of the 
Cornu-type is constructed under equal participation of two gametangia and no 
functional difference is notable between the two. On the other hand, in both 
the Nodosa-type and Tenuis-type, the contents of one, usually smaller, game¬ 
tangium migrate into the other, usually larger, gametangium immediately after 
apical conjugation, and the zygospore is formed under more direct participation 
of the latter. In these cases, accordingly, it may be warrantable to distinguish 
two gametangia as male and female, respectively. In the Nodosa-type, morpho¬ 
logical difference between the male and the female is relatively small and 
the female gametangium after exogenously producing the zygospore, retains to 
the last its form as gametangium. While in the Tenuis-type, zygophoric hyphae 
of both sexes differ so pronouncedly from each other from the early stages of 
development that the male gives even an impression of a subordinate accom- 
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panying organ, and following gametangial conjugation, the female gametangium 
itself is partially transformed into a zygosporangium, within which a zygospore 
proper is borne endogenously. 

It is of particular interest that the morphological features and reproductive 
behavior of the female and the male gametangia in S. tenuis and S. sphaerica 
bear a close resemblance to those of the oogonium and the antheridium in 
Oomycetes, especially in species containing a single oospore. We find no paral¬ 
lels in Mucorales, but an analogous form has long been known in the genus 
Conidiobolus, Entomophthorales. When Brefeld (1884) erected this genus basing 
on C. utriculosus, he first observed its sexual reproduction and noted: “so 
zeigt die Ungleichheit der Anlagen (Anschwellungen) und die Ausbildung 
der grosseren von ihnen zur Dauerspore, dass wir es mit Formen zu thun 
haben, welche in ihrer geschlechtlichen Differenzirung fiber die Zygomyceten 
hinausgehen und den Oomyceten anzuschliessen sind.” But Couch (1939), con¬ 
firming his observation, concluded that in spite of rather striking affinities with 
oomycetous fungi shown in external appearance, the resemblance is only super¬ 
ficial and of no phylogenetic significance, for no egg is differentiated in the 
female structure. 

Lastly, what deserves special mention is that in the Nodosa-type and Tenuis- 
type, vesicular or tubular outgrowths are produced always only from one of 
paired zygophoric hyphae, the female one. And here, returning to the Cornu- 
type, in this case also they arise only from one suspensor, not from the both. 
If it is supposed that these outgrowths are of protective nature and accompany 
only female zygophoric hypha, their presence can conversely be considered 
indicative of the female sex. Seen in this light, the presence or absence of 
vesicular outgrowths on suspensors in the Cornu-type may well be interpreted 
as reflection of sexual differentiation, or more exactly as retained traces of it. 
Thus, it may be said that sexual differentiation exists in any type of zygospore 
formation in Syncephalis. van Tieghem early in 1875 applied the words “la 
difference sexuelle” to the constant difference in length between two conjugat¬ 
ing gametangia of 5. cornu. However, he made no mention of the possible 
correlation between the outgrowths and “la plus grande cellule femelle”. 

In the genus Piptocephalis, paired gametangia and suspensors are of nearly 
the same shape apart from a few exceptions, and no such functional difference 
appropriate to be called sexual is perceptible. The sexual apparatus of the 

— 29 — 



350 _ m 55 m m u m 55 n j§ 

Tenuis-type in the genus Syncephalis can be considered one of the most promi¬ 
nent examples of sexual differentiation throughout the Zygomycetes. 
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Explanation of Plates VI-VII 

PL VI. Syncephalis tenuis. A-B. Developing zygophoric hyphae. (B showing 
apically delimited female gametangia, each accompanied by a male coun¬ 
terpart.) C-D. Enlarging zygospore initials and tubular outgrowths on the 
female zygophoric hypha. E. Portion of D enlarged. F. Delimited zygo¬ 
spores. G-I. Nearly mature zygospores (G. Optical section. H-I. Surface 
view.) 

PI. VII. Syncephalis sphaerica. A. Zygophoric hyphae at early stage of devel¬ 
opment. B-D. Enlarging zygospore initials and outgrowths on the female 
zygophoric hypha. E-H. Mature zygospores (G. Optical section. H. Surface 
view.) I. Crushed zygospore showing zygosporangial architecture. (7\.rrows 
show male zygophoric hyphae or male gametangia.) 
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Cypripedium japonicum Thunb. var. glabrum M. Suzuki, var. nov. 

Caulis et pedunculus glaber, cetera ut in typo. 

Nom. Jap. Hitachi-Kumagai-so (nov.) 

Hab. Japonica. Honshu. Prov. Hitachi: Mt. Buccho (M. Suzuki, May 3, 1962, 
typus in Herb. Ibaraki Univ.; M. Yasu, May 8, 1980), Furuuchi, Jyohoku-machi 
(M. Suzuki, May 18, 1975), Mt. Keisoku (H. Ogura, May 10, 1969), Mt. Kaba (H. 


31 — 




November 1980 


S. Kuzuha : Zygospore formation in Syncephalis 









PI. VII 


11 -f- 


55 ^ ii n 



S. Kuzuha : Zygospore formation in Syncephalis 




